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Abstract 
Geological storage of CO2 as an effective way of reducing CO2 output to the atmosphere receives growing attention 
worldwide. To evaluate the feasibility of this technique in the Xingou oil field of Jianghan Basin in China, 2D and 3D 
models of CO2 geological storage were established using TOUGH2 software. Results showed that CO2 gas can be 
stored in the deepest reservoir through continuous injection over 50 years, and will remain effectively confined within 
the space under the second caprock during its diffusion over 500 years. Compared with 2D models, 3D models 
showed that the diffusion process of CO2 gas in the reservoir will create a mushroom-shaped zone of influence. 
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1. Introduction 
Global climate change is increasingly affecting the environment. CO2 has been shown to be one of the 
most impacting greenhouse gases; its effects on the global climate change have been recognized and are 
receiving growing attention by the scientific communities and national governments [1]. Both the Kyoto 
Protocol and the Climate Change Conference in Copenhagen considered CO2 emission reduction as an 
important issue and proposed corresponding control measures. Geological storage of CO2 is regarded as a 
direct and efficient way of reducing CO2 emissions [2]. CO2 separated or captured from the 
anthropogenic sources such as large industrial and gas processing plants and power plants, is transported 
to a selected site, where the CO2 is injected into an appropriate geological formation and stored in 
geological reservoirs to guarantee its long-term isolation from the atmosphere. Currently, the major types 
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of host formations include deep saline aquifers, depleted oil and gas reservoirs and abandoned coal seams. 
Deep saline aquifers are recognized as the most promising geological CO2 sequestration option for the 
long-term sequestration of the gas, because they are widely found and their physical and chemical 
characteristics are favourable [3]. 
In this study, Xingou oil field of Jianghan Basin in China was selected as study area. Based on the 
geological structure, as well as on the thermodynamic and hydrogeological parameters, a general-purpose 
numerical simulator for multiphase fluid and heat flow, TOUGH2, was used to establish regional two-
dimensional and three dimensional models, to evaluate the feasibility and safety of geological CO2 
sequestration in the study area, and to provide theoretical guidance for engineering. 
2. Methodology 
Jianghan Basin with an area of 28,000 km2 is located in the southern part of Hubei province, China, 
which is a Cretaceous-Tertiary fault-bounded salt-bearing basin that developed on a pre-Cretaceous 
basement during the Yanshanian structural movement. The generalized stratigraphy of Jianghan Basin is 
shown in Table 1. The sediment thickness of Cretaceous-Lower Tertiary formations is more than 10 km, 
which are mainly composed of halite, gypsum and argillaceous rocks. Vertically, we can distinguish two 
main series of saliferous and oil-bearing formations, the Xingouju Formation and the Qianjiang 
Formation. In the Xingouju Formation of Xingou oil field, the oil thickness is in the range of 680~1460 m, 
the formation pressure coefficient is 1.02~1.12, the measured porosity is 4.1%~24.0% (with an average 
value of 16.5%), and the permeability is 1.0×10-3~350.0×10-3μm2. These provide good natural conditions 
for CO2 storage in the Xingou oil field. In addition, argillaceous and gypsum rocks, widely distributed in 
the formation, can act as natural caprock. Furthermore, the high oil storage capacity of Xingou oil field 
makes this reservoir interesting for CO2 storage.  
Based on these natural conditions, a 2D homogeneous reservoir model was established (Fig.1a). The 
thermodynamic and hydrogeological parameters of this model referred to the data reported by Xu et al [4]. 
According to the profile (Fig.1b), static water pressures in the reservoir range from 101 atm at the top to 
144 atm at the bottom. 
Table 1.Generalized stratigraphy of the Jianghan Basin. 
System Formation Layer Formation lithology Depth (m) 
Quaternary Pingyuan  grey mudstone, siltstone, sandstone and sand-
conglomerate 
50-150 
Neogene Guanghuasi  grey mudstone, sandstone and sand-conglomerate 300-900 
 Jinghezhen  grey mudstone, siltstone, and shale 150-1000 
 Qianjiang  grey mudstone, halite, siltstone, and shale 750-4600 
 Jingsha  Brown, purple-red mudstone, siltstone and basalt 600-1870 
  Upside layer Red sandstone, mudstone 200-300 
Paleogene  Gypsum layer Grey mudstone, Gypsum 5-20 
  I Oil layer Red and grey mudstone interbedded with sandstone 100-150 
 Xingouju II Oil layer Grey mudstone interbedded with marlstone and 
sandstone 150-300 
  Argillaceous layer Grey mudstone interbedded with argillaceous 20-40 
  III Oil layer Grey mudstone interbedded with marlstone and 
sandstone 100-150 
 Shashi Upside layer Red and grey interbedded mudstone, argillaceous 200-400 
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In our simulation, the injection rate of CO2 is 60kg/s, the injection time 50 years and the simulated 
time is 500years.  
   a   b 
Fig. 1. (a) Sketch diagram of a 2D homogeneous reservoir (10m thickness); (b) The profile of static water pressure in 
the reservoir. 
3. Results and Discussion 
The 2D spatial distributions of CO2 gas saturation and dissolved CO2 concentrations at years 10, 50, 
100 and 500 are shown on Fig. 2a and 2b, respectively. It was found that CO2 mainly remained in the 
region near to the injection point.  Under the combined effect of buoyancy of highly salty water and 
groundwater flow, CO2 first mainly migrates upward, and then diffuses horizontally when it has reached 
to the top of reservoir. Over 50 years, CO2 gas remained mainly confined to the first reservoir. After 500  
 a   b 
Fig. 2. (a) Spatial distribution of CO2 gas saturation at years 10, 50, 100 and 500 r; (b) Spatial distribution of 
dissolved CO2 concentrations at years 10, 50, 100 and 500. 
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years, most CO2 has migrated into the first caprock and the second reservoir, but will still be limited to 
the space under the second caprock. These results indicate overall feasibility of CO2 storage in Xingou 
Oil Field. 
The 3D spatial distributions of CO2 gas saturation and dissolved CO2 concentrations at years 50 and 
500 are shown on Fig.3a and their X-Z cross-sections on Fig. 3b. It was found that the results of the 3D 
simulations are similar to those of the 2D model, but that the 3D model can provide more information on 
the distribution characteristics and storage conditions of CO2 in deep saline aquifers. The diffusion 
processes of CO2 gas and dissolved CO2 give rise to a mushroom-shaped distribution. Even after 500 
years, most CO2 gas remains limited to the first reservoir. Obviously, the diffusion process of dissolved 
CO2 is more significant than that of CO2 gas. 
 
a  b 
Fig. 3. (a) 3D distribution of CO2 gas saturation and concentration of dissolved CO2 at years 50 and 500; (b) X-Z 
cross section of  (a). (Y=15000m). 
4. Conclusions 
Both 2D and 3D simulations showed that CO2 gas can be stored in the first reservoir during the 
continuous injection over 50 years, and that most CO2 can be confined to the space under the second 
caprock during diffusion over 500years. Therefore, CO2 geological storage is feasible in Xingou oil field, 
Jianghan Basin, China. 
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